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Description 

[0001] This invention relates to telephone networks 
comprising a connection-based network and a cellular 
communications network, and to methods for transmit- 
ting cellular communications between a cell site and a 
public switched telephone network. 
[0002] Code division, multiple access (CDMA) cellu- 
lar communications provides 10-20 times the call han- 
dling capacity of analog cellular communications sys- 
tems. See, e.g., "An Overview Of The Application Of 
Code Division Multiple Access (CDMA) To Digital Cel- 
lular Systems And Personal Cellular Networks," May 
21,1992, available from Qualcomm, Inc. - 10555 Sor- 
rento Valley Road - San Diego, CA. A CDMA system 
transmits/receives voice or data at the relatively slow 
rate of approximately 8 Kbps to/from a mobile unit over 
a spread spectrum signal. (Other rates may be support- 
ed e.g. 16 Kbps, but the rate is below the connection- 
based telephone industry standard rate of 64 Kbps). A 
transceiver at the cell site sends/receives the spread 
spectrum signal and translates it from/into CDMA data 
packets. A speech handler translates the data packets 
into and out of digital 64 Kbps pulse code modulated 
(PCM) stream, as used in standard connection-based 
digital switching. (CDMA cellular communications is 
more fully described in Qualcomm, Inc., "The Wideband 
Spread Spectrum Digital Cellular System Dual Mode 
Mobile Station-Based Station Compatibility Standard," 
and Qualcomm, Inc., "CDMA Digital Common Error In- 
terface Standard," revision 1.0, October, 1993). In most 
CDMA system designs, the speech handler is at the cell 
site. A 64 Kbps circuit-switched connection is then made 
for transmitting and receiving CDMA data packets be- 
tween the cell site through the serving switch and the 
public switch telephone network (PSTN). 
[0003] A problem associated with this system (and 
common to all cellular systems with circuit-switched 
connections between the cell site and the switch) is that, 
as the mobile moves from cell to cell, the circuit connec- 
tion between the cell site and the switch must be torn 
down and re-established to the new cell site. Tearing 
down and re-establishing a circuit connection as a mo- 
bile moves from cell to cell and from switch to switch is 
known in the art as a "hard handoff." Hard handoffs are 
perceivable by the user as noticeable clicks and/or 
pauses in service. It is desirable in the art to provide 
"soft handoffs," or handoffs from cell to cell and from 
switch to switch that are not perceptible to the user. 
[0004] One solution to the problem of hard handoff is 
found in U. S. Patent No. 5,184,347, which issued to 
AT&T in the name of Farwell, et al. (herein "Farwell"). 
Farwell provides a system that delivers CDMA packets 
from a cell site to a speech handler. Each cell site is 
connected to a cell-interconnect module which consists 
of a DS1 interface unit, a local area network bus, and a 
packet processing network. The content (voice or data) 
of the spread spectrum radio signal from the mobile unit 



is first packetized at the cell site. Packets are then ad- 
dressed for the packet processing network and trans- 
mitted from the cell site over a DS1 link to the DS1 in- 
terface unit. This DS1 interface unit delivers the packets 

5 to the local area network bus, which is connected to a 
packet processing element. The packet processing el- 
ement includes a table for translating a packet process- 
ing element address into a speech handler address. The 
packet is then sent to a optic fiber interface and over the 

10 optic fiber to an expansion interface. The expansion in- 
terface places the packet on another local area network. 
The packet is then picked up by a speech processing 
unit from the local area network. 
[0005] Soft handoffs are initiated in the system of the 

15 Farwell patent by the mobile determining that it is in 
range of a second cell site. A handoff request message 
is sent from the mobile to the mobile switching complex, 
designating the second cell site as the new cell site. A 
new path is then set up through the switch complex to 

20 the speech handler by first selecting a route from the 
new cell site to the existing speech handler, and then 
informing each element along the route of the new con- 
nection. Each element then populates its lookup table 
with the appropriate call data to route the call to the next 

25 element, and eventually to the speech handler. The 
speech handler then receives two packets containing 
nearly identical data, and selects the one with a stronger 
signal strength (included as part of the data in the pack- 
et). Thus, the same speech handler is used for both 

30 cells, and a hard handoff is avoided. This system is com- 
plex in hardware and requires some time to establish 
and tear down each path through the system, because 
of the time necessary to populate all of the look-up ta- 
bles. 

35 [0006] A second solution to the problem of hard hand- 
offs is found in U. S. Patent 5438565, in the name of 
Hemmady, et al. (herein "Hemmady"). Hemmady pro- 
vides a system for relaying packets between a cell site 
transceiver and a destination PSTN interface, via a self- 

40 routing, packet-switched mechanism. Packets from the 
cell site include a unique routing address of the destina- 
tion PSTN interface (speech handler) which is located 
in a switching office. The packets are constructed by the 
receiver at the cell site including the content of the 

45 spread spectrum radio signal and sent in a packet pipe 
to a packet switch in a host switching system. A packet 
handler at the packet switch receives the packets, de- 
multiplexes the packet pipe and forwards the packets 
on a packet bus. The destination PSTN interface as- 

50 signed to that call recognizes its own address in the 
packets on the packet bus and processes the packets. 
As the mobile moves from cell to cell, and from a cell 
connected to one switch to a new cell connected to an- 
other switch, the new cell site is informed of the address 

55 of the destination PSTN interface originally assigned to 
the call, and the new cell uses its own packet pipes to 
send the packets to the destination PSTN interface, us- 
ing the same address. The destination PSTN interface, 
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during the period when a mobile is moving from one cell 
to another, receives packets from both cell sites and se- 
lects the best quality packet. This system does not re- 
quire the circuit switched connections or updating ta- 
bles, etc., of the Farwell disclosure. This system, how- 
ever, requires expensive hardware for handling packets 
at each switch through which packets are sent. 
[0007] Both of these systems require that the cell site 
is connected to a mobile telephone switching office (MT- 
SO) that is local to the cell site. Each cell site must be 
connected by a trunk to an MTSO where the packets 
containing the call can be translated. These systems al- 
so require nailed-up packet pipes to the MTSO from the 
cell sites, digital facilities at the MTSO for receiving the 
packet pipes, a time slot interchange to direct the packet 
pipes to the packet switch unit and special boards to 
process and recover packets from the packet pipe and 
place the packets on a packet bus to their destination. 
All of this hardware is required prior to the CDMA pack- 
ets arriving at the self-routing medium which make the 
above-cites system function superiorly to their respec- 
tive prior art. 

[0008] Furthermore, both of these systems select a 
speech handler or PSTN interface located in an office 
closest to the origination cell site receiving the mobile 
call. These speech handler converts the CDMA into a 
64 Kbps rate to be switched through the PSTN. If the 
PSTN destination is across the country, then a 64 Kbps 
channel, and all of its associated cost, is required across 
the long distance network. 

[0009] Neither of these two systems address calls 
from a first CDMA mobile system to a second CDMA 
mobile system. As stated above, CDMA digital packets 
are broadcast at a rate of 8 Kbps. When these packets 
arrive at a switch, they are translated by the speech han- 
dler into a 64 Kbps rate so that they may be handled by 
the switch. For a mobile-to-mobile call, the 64 Kbps 
packets must again be turned into 8 Kbps packets in 
order to be broadcast on the CDMA system. Every 
translation from one format to another degrades the 
quality of the encoded voice or other signals in the pack- 
et. 

[0010] Therefore, a problem in the art is that there is 
no system which can directly transport cellular radio da- 
ta to their destination, whether destination is the PSTN 
or another cellular system, without adding additional 
hardware to the switch or adding multiple levels of trans- 
lation of the data. A further problem in the art is that there 
is no system to transport 8 Kbps packets to a point close 
to the final destination before converting them into 64 
Kbps packets. 

[0011] EP-A-0522772 describes a switching system 
for switching wireless telecommunications calls from 
one cell to another cell or from one cell to a public 
switched telephone network destination. In this system, 
calls destined for the public switched telephone network 
from a cell connect through a cell interconnect module, 
through a time multiplex switch (TMS), to a speech cod- 



ing module where it is translated into a form used in the 
PSTN. Otherwise, a call from one cell site to another is 
switched through the TMS from one cell interconnect 
module to another. 
5 [0012] W093/1955 describes an ATM network in 
which user terminals may communicate with mobile us- 
er terminals. ATM cells are used from one end of a con- 
nection to the other. 

[0013] According to one aspect of this invention there 

10 is provided a telephone network as claimed in claim 1 . 
[0014] According to another aspect of this invention 
there is provided a method as claimed in claim 7. 
[0015] A technical advance is achieved in the art by 
a system and method for delivering packetized data rep- 

15 resenting radio signals to and from cell sites, and to and 
from a destination switching system via a fast packet 
network that repacketizes the packetized data for trans- 
port at a higher rate. Each cell site includes an interface 
for such repacketizing the data from the radio signals 

20 and transmitting the repacketized data to its destination. 
The destination could be a delivery point at a switch, 
which then converts the repacketized data into a form 
usable by the telephone network. 
[0016] Alternatively, the destination could be another 

25 cell site, which then depacketizes the data and retrans- 
mits the radio signal to another wireless communication 
device. Thus, mobile-to-mobile communications can be 
achieved without use of a switch. The data from each 
cell site retains its compressed voice character until con- 

30 verted at the switch or the receiving cell site, and, be- 
cause of the fast packet network, may be transmitted to 
a single destination regardless of which cell site it's com- 
ing from. 

[0017] Further, this invention provides for reduced op- 
35 erating cost by allowing the 8 Kbps compressed voice 
packets to be transmitted through the entire network and 
only converted to 64 Kbps at a switch close to the final 
destination, when that destination is a land based line. 
When the final destination is another mobile unit, no 
40 conversion the 64 Kbps is ever required. This improves 
the voice quality for mobile-to-mobile communication. 

Brief Description of the Drawing 

45 [0018] A more complete understanding of the inven- 
tion may be obtained from consideration of the following 
description in conjunction with the drawings in which: 

FIG. 1 is a block diagram of a plurality of mobile tel- 
50 ephone switching systems, a public switch tele- 
phone network, and a packet switch (at a mobile 
telephone switching office) wherein the packet 
switch distributes CDMA packets to speech han- 
dlers or to other cell sites according to an exemplary 
55 embodiment of this invention; 

FIG. 2 is a block diagram of a mobile telephone 
switching office (MTSO) that acts as a destination 
point according to an exemplary embodiment of this 
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invention; 

FIG. 3 is a block diagram of a packet addressing 
system; 

FIG. 4 is an illustration of a mobile-to-mobile call ac- 
cording to an exemplary embodiment of this inven- 
tion; and 

FIG. 5 is a flow chart describing the steps of a soft 
handoff for a mobile-to-mobile call according to an 
exemplary embodiment of this invention. 

Detailed Description 

[0019] An exemplary embodiment of a system for 
communicating digital cellular data between cell sites in 
a switching system or other cell sites is described here- 
in, in the context of a mobile telephone switching system 
and a public-switched telephone network as illustrated 
in FIG. 1 . FIG. 1 illustratively includes two CDMA cellular 
regions 10 and 12. These CDMA regions are illustrated 
as being separate, but may in fact be parts of one larger 
CDMA cellular system. Each CDMA cell includes a cell 
site, for example cell sites, 14-20. Cell sites 14-20 send 
and receive CDMA radio signals over the spread spec- 
trum, as described above, to and from mobile tele- 
phones within their individual cells, and translate the 
communication contents of the radio signals in electron- 
ic data, which is then packetized. Each cell site 1 4-20 is 
in communication with executive call processor (ECP) 
6 via data links (shown as dashed lines). ECP 6 keeps 
track of all calls in its associated cellular systems 1 0 and 
12, as is known in the art and described in The Bell Sys- 
tem Technical Journal, Vol. 58, No. 1, January, 1979. 
ECP 6 is shown connected to ATM network 22, but may 
also be a separately connected ECP network. 
[0020] According to the teaching of the prior art, every 
cell is assigned to a mobile telephone switching office, 
to which it is connected by a hard line (e.g., a T1 trunk). 
FIG. 1 shows MTSO 21 connected to cell site 20 (shown 
in phantom). All communications to/from mobiles in cell 
15 must pass through MTSO 21 according to the prior 
art. Further, MTSO 21 must include all of the facilities to 
PSTN 46 and/or ATM network 22, in order to distribute 
mobile calls to their destinations. MTSO 21 is therefore 
a special case of a switch with additional hardware nec- 
essary to terminate mobile calls from cell sites and dis- 
tribute the calls. 

[0021] In the exemplary embodiment of this invention, 
in contrast, cell sites 14-20 are connected to an asyn- 
chronous transfer mode (ATM) network 22. ATM net- 
work 22 is an example of a fast packet network accord- 
ing to this invention. As will be described below in con- 
nection with FIG. 3, cell sites include an ATM interface 
which repacketize the CDMA data packets and send 
them to their destination over ATM network 22. ATM net- 
work 22 is connected to a plurality of sources and des- 
tinations of packet traffic including video and data, as 
well as CDMA traffic from cells 14-20, according to this 
invention. 



[0022] ATM network 22 is also connected to a plurality 
of telephone switching offices represented by switches 
24 and 26. Switches 24 and 26 may serve both cellular 
and wire line traffic, as will be described below in con- 

5 nection with FIG. 2 and need not be special MTSO-type 
switches. Switches 24 and 26 are connected to public 
switched telephone network 46, ATM network 22 via 
packet switch units 28 and 30, and to PSTN 46. 
[0023] Packet switch units (PSU) 28 and 30 according 

10 to an exemplary embodiment of this invention include 
packet access interface (PAI) units 32 and 34 and 
speech handlers 36 and 38, respectively. PAIs 32 and 
34 and speech handlers 36 and 38 are connected to re- 
spective packet buses 40 and 42. Speech handlers are 

15 known in the art as "end points." Other end points per- 
forming similar (or dissimilar) functions may also be con- 
nected to the packet bus, but are not shown for clarity. 
A packet bus and its attached endpoints are called a 
"packet community." PAI 32 sends and receives ATM 

20 packets to and from ATM network 22 for data commu- 
nicated by switch 24 through ATM network 22. 
[0024] According to an exemplary embodiment of this 
invention, mobile telephone 44 initiates a call in cell 2 to 
a land-based telephone in PSTN 46. In this exemplary 

25 embodiment, there are one or more speech handlers 
connected to packet bus 40 in packet switch unit 28. A 
CDMA call is set up between mobile 44 and cell site 14. 
ECP 6 determines that the call is to a land line, and as- 
signs a speech handler to the call that is close to the 

30 land line destination. Speech handler 36 (at switch 24, 
which is closest to the final PSTN destination) is as- 
signed to the call and a unique two-part address and an 
ATM destination address is given to the cell site 1 4 that 
describes speech handler 36, as will be described below 

35 in connection with FIG. 3. 

[0025] As CDMA signals arrive at cell site 1 4 (or other 
cell sites, such as 1 6) they are packetized and the two- 
part address of the speech handler is added to it. The 
packets are then encapsulated (repacketized) with 

40 transport protocol data for transmission on ATM network 
22. ATM network 22 reads the packet address and de- 
livers the packet to the appropriate packet access inter- 
face, PAI 32 in this example. PAI 32 receives the packet 
from ATM network 22 and removes the packet data from 

45 the ATM payload. The packet data is then placed on 
packet bus 40. Speech handler 36 monitors bus 40 and 
sees that the packet is for it. Speech handler 36 then 
takes the packet off bus 40, translates the data into 64 
Kbps PCM and transmits it into public-switched tele- 

50 phone network 46 to a land-based destination. 

[0026] Turning to FIG. 2, switch 24 is shown in more 
detail. Illustratively switch 24 is a distributed control, IS- 
DN telephone system such as the system disclosed in 
U. S. Patent 4,592,048, issued to M. W. Beckner et al. 

55 on May 27, 1 986. Alternatively, switch 24 may be a dis- 
tributed control digital switch such as a 5ESS® switch 
manufactured by AT&T and described in the AT&T Tech- 
nical Journal, Vol. 64, No. 6, July/August 1985, pages 
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1303-1564. The architecture of each of the switch 24 
includes communication module 202 as a hub, a switch 
module 204, other switch modules (not shown for clari- 
ty), and an administrative module 206 emanating there- 
from. Switch module 204 terminates analog and/or dig- 
ital subscriber lines through line units 208 and analog 
or digital trunk through trunk units 210. Trunk unit 210 
provides communication with public-switched tele- 
phone network 46. Administrative module 206 provides 
coordination of functional components of switch and hu- 
man machine interface. Switch module 204 includes a 
timeslot interchange unit (TSIU) 212 and packet switch 
unit 28. TSIU 21 2 provides interchange of 64 Kbps PCM 
for 64 Kbps clear channel among the units in switch 
module 204. Switch module 204 may also contain other 
units, but for purposes of clarity, these other units are 
not shown. 

[0027] To continue the example of FIG. 1 , packets ar- 
rive from an ATM network 22 at PAI 32 where they are 
removed from the payload of the ATM cell. Packets are 
then reassembled (if necessary) into the full CDMA 
packet length and sent on packet bus 40. Speech han- 
dler 36 then recognizes the two part address that is ad- 
dressed to itself and removes the packet from packet 
bus 40. Speech handler 36 processes the CDMA data 
packet into 64 Kbps PCM and sends the data to time 
slot interchange unit 212. 

[0028] Packet switch unit 28 supports a number of 
speech handlers, including speech handlers 36, 214 
and 216, for example, simultaneously. Speech handler 
216 is shown having a connection through TSIU 212 to 
line unit 208 and to telephone 21 8. Any connection from 
the speech handlers can be made through TSIU 21 2 to 
line units such as 208 and to trunk unit 210. The only 
hardware addition to a standard digital switch are the 
speech handlers, thus effecting a great cost savings 
over MTSOs that are hard wired to cell sites. 
[0029] Returning briefly to FIG. 1, soft handoffs may 
easily be achieved through use of this system. To con- 
tinue the example from above, mobile 44 is connected 
via cell site 14 through ATM 22 to PAI 32 which then 
places packet data onto packet bus 40 through speech 
handler 36 into a telephone connected to public switch 
telephone network 46. 

[0030] As mobile 44 moves into cell 4 which is served 
by cell site 1 6 it senses a pilot signal, as is known in the 
art, and requests a handoff. ECP 6 is notified and ECP 
6 sends data regarding the call to cell site 16. This call 
data includes the destination address of PAI 32 and 
speech handler 36 so that cell site 16 may repacketize 
data and send the packetized data through ATM net- 
work 22 to PAI 32, and ultimately to speech handler 36. 
ECP 6 also informs speech handler 36 that it is to trans- 
mit data to both cells 1 4 and 1 6. At this point, cell sites 
1 4 and 1 6 will both receive spread spectrum signal from 
mobile 44, packetize the data from the signal, repack- 
etize the data into ATM cells and send such ATM cells 
on ATM network 22. PAI 32 will receive both packets 



containing identical (or nearly identical) data, remove 
the packets from the ATM cells and send reassembled 
CDMA packets on bus 40. Speech handler 36 then re- 
ceives both packets and through use of a signal strength 

5 indication encoded in the CDMA packets, decides which 
packet to process and send to PSTN 46. 
[0031] Information coming from PSTN 46 arriving at 
speech handler 36 is packetized into CDMA packets, 
replicated and addressed for both cell site 14 and 16 

10 using the data sent from ECP 6. These packets are put 
on bus 40 received by PAI 32 repacketized into ATM 
cells and sent through ATM network 22 to cell sites 14 
and 16. Cell sites 14 and 16 depacketize the CDMA 
packet data, translate the CDMA packet data into a 

15 spread spectrum signal and broadcast the data to mo- 
bile 44. Mobile 44 determines which packet contains a 
stronger signal strength indication and depacketizes 
that packet. Eventually, as mobile 44 moves into cell 4, 
the signal strength of cell site 1 4 will fall below a thresh- 

20 old. ECP 6 is notified, and ECP removes the destination 
1 4 from speech handler 36 list and removes the call data 
from cell site 14. Through this system, a soft handoff 
may be achieved without tearing down and setting up a 
new connection through MTSO 28 or transferring a call 

25 from one switch to another. Thus, no user perceptible 
clicks or discontinuities are present. 
[0032] Further, mobile 44 may be traveling across the 
country. Cell 2 may be, for example, in New Jersey and 
cell 15 may be, for example, in Illinois. Generally, fewer 

30 switching resources are used if the speech handler 
processing the call is closest to the destination of the 
call. For example, speech handler 36 at PSU 28 may be 
a portion of the same telephone office of the destination 
telephone. As mobile 44 moves from cellular system 1 0 

35 to cellular system 12, for example, moving into cell 15 
with cell site 20, mobile 44 would receive the pilot signal 
and initiate a call handoff as described above. Cell site 
20 would contact ECP 6 for the destination packet infor- 
mation. Cell site 20 would then begin delivering repack- 

40 etized data to ATM 22 which can transport packets 
across an urban area or across the country. These pack- 
ets would then be delivered to PAI 32 and translated at 
speech handler 36 and delivered to the destination tel- 
ephone in PSTN 46 as described above. Thus, this ex- 

45 emplary embodiment of this invention may be used for 
a "long-haul" cellular switching network to achieve re- 
duced "long-haul" transportation costs. 
[0033] FIG. 3 is a block diagram of a packet address- 
ing system according to an exemplary embodiment of 

50 this invention as applied to the embodiment of FIGS. 1 
and 2. Packet 1 00 comprises an electronic data packet 
as it is generated at the CDMA cell site. Packet 100 in- 
cludes a destination address 104 and a data portion 1 01 
for the CDMA packet. Destination address 1 04 compris- 
es es two fields, a destination packet switch number (1 06) 
also called packet community, and a unit number 107 
designating an end-point within the packet community. 
This address is assigned during call set up and propa- 
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gated by ECP 6 throughout the cellular system as mo- 
bile 44 (FIG. 1) moves from cell to cell, as described 
above. 

[0034] In the embodiment of FIG. 1 , cell site 14 adds 
whatever protocol is required by the packet community, 5 
if any, transforming CDMA data packet 100 into packet 
data 1 05 (FIG. 3). In this example, packet switch number 
field 1 06 is the number of packet switch community 24; 
unit numberfield 107 is forthe end point speech handler 
36. 10 
[0035] Cell site 1 4 then encapsulates packet 1 05 into 
one or more ATM cells 110. This may include breaking 
the data into multiple parts according to the size of an 
ATM payload if the data portion 101 is too long for one 
ATM cell 1 1 0, as in this example. Cell site 1 4 then places 15 
the community address field into the ATM cell header 
108 of ATM cell 110. 

[0036] After cell site 1 4 delivers ATM cells 1 1 0 to ATM 
network 22, ATM network delivers ATM cell to PAI 32; 
PAI 32, removes the ATM transport layer to reassemble 20 
the data into packets 1 05 and send it on bus 40. Speech 
handler 36 recognizes its destination end point number 
and its packet community number and receives packet 
105. In this manner, packetized data may be sent 
throughout a connectionless transport system without 25 
delaying the initial packets. Furthermore, routing infor- 
mation does not have to be stored in every node han- 
dling the packet. 

[0037] Turning now to FIG. 4, an exemplary embodi- 
ment of a mobile-to-mobile call is described. FIG. 4 30 
shows a mobile telephone 400 traversing a first cellular 
system 402 via path 404. In this example, mobile 400 
places a call to mobile 406 which is traversing a second 
cellular system 408 via path 410. All of the cells in both 
cellular systems 402 and 408 are connected to ATM net- 35 
work 412. ATM network 41 2 is also connected to exec- 
utive call processor (ECP) network 414 via the dashed 
lines. ECP network 414 keeps track of all calls in its as- 
sociated cellular systems 402 and 408, and further 
knows the ATM destination address of each cell site. 40 
Cellular system 402 comprises a plurality of cells 
416-424 and cellular system 408 comprises cells 
428-438. Within each cell 41 6-424 and 428-438 is a cell 
site 440-448 and 450-460 respectively, which process 
calls. In each cell site is a frame selector 462 which, as 45 
will be described more fully below, keeps track of the 
calls for mobiles located within radio range of that cell 
site. 

[0038] As mobile 400 traverses cellular system 402 
via path 404, it initiates a mobile-to-mobile call to mobile 50 
406, starting in cell 41 6. Cell site 440 in cell 41 6 reports 
the call origination to ECP 414, which stores the data, 
recognizes that the call is to another mobile, and locates 
mobile 406 in cell 428. Data regarding the call is sent to 
cell sites 440 and 450, and stored in frame selectors 462 55 
associated with the respective cell sites (in this example 
440 and 450). The data includes the ATM destination 
address of the other cell site connected with the call. As 



10 

signals arrives at cell site 440 from mobile 400 they are 
packetized and the unique two-part address of cell site 
450 is added, as described above in connection with 
FIG. 3. The packets are then repacketized, put into the 
payload of an ATM cell, the ATM address of cell site 460 
is added and the packet is sent through ATM network 
412 to cell site 460. At cell site 460, the packets are re- 
moved from the ATM cell, translated into the CDMA 
spread spectrum signal and broadcast to mobile 406. 
Likewise, CDMA signals from mobile 406 are received 
via the spread spectrum at cell site 450, the contents of 
which are translated into electronic data, placed into 
ATM cells which are given the ATM address of cell site 
440 and sent via ATM network 41 2 to cell site 440 where 
they are formatted and translated into the CDMA spread 
spectrum signal and broadcast to mobile 400. In this 
manner, the subrate 8 KHz signal of CDMA is not trans- 
lated into the 64 KHz PCM and back into CDMA packets 
as described above in connection with switched calls, 
thereby avoiding multiple translations into and out of dif- 
ferent formats, and thus preserving signal quality while 
using fewer network resources. 

[0039] A soft handoff of mobile 400 as it moves from 
cell site 416 to cell site 418 will now be described. As 
mobile 400 traverses to cellular system 402 along path 
404, it eventually reaches the boundary between cell 
site 41 6 and cell site 41 8. As is known in the art (accord- 
ing to the CDMA reference cited above), mobile 400 
senses a pilot signal given out by cell site 442 and mon- 
itors its signal strength. When the signal strength reach- 
es a predetermined threshold, mobile 400 sends an 
identification message to cell site 442 and requests a 
handoff, which begins a handoff transition period. Cell 
site 442 requests the call information regarding mobile 
406 from ECP 414. ECP 414 delivers the ATM address 
of the destination cell site for mobile 406, which is cell 
site 450, to cell site 442. Cell site 442 then begins send- 
ing the content of the CDMA spread spectrum signal 
from mobile 400 to cell site 450. 
[0040] Cell site 450 receives transmissions of ATM 
cells from both cell site 440 and cell site 442 at frame 
selector 462. Frame selector 462 then selects the cell 
with the strongest signal (signal strength having been 
previously encoded in the CDMA signal, as described 
in the references cited above), determines which signal 
is stronger and delivers that packet to the transmitter of 
cell site 428 for transmission to mobile 406. Upon re- 
ceiving ATM destination information about new cell site 
418 from ECP 414, frame selector 462 in cell site 450 
updates its own destination list so that it sends signal 
data from mobile 406 to both cell site 440 and cell site 
442. This dual destination situation remains throughout 
the soft handoff transition. Thereafter, when the signal 
strength from cell site 440 falls below a threshold, cell 
site 440 ceases sending ATM signals to cell site 450. 
Eventually, ECP 414 deletes cell site 440 from its list of 
destinations and from the list of destinations in cell site 
450, which ends the handoff transition period. 
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[0041] During the handoff transition period for mobile CI 
400 moving from cell 416 to cell 418, mobile 406 may 
likewise be approaching the boundary between cell site 1 . 

428 and cell site 430. Mobile 406 senses a pilot signal 
given out by cell site 430 and, when the signal strength 5 
reaches a predetermined threshold, mobile 406 sends 
an identification message to cell site 430 and requests 
a handoff. Cell 430 requests the call information regard- 
ing mobile 400 from ECP 414. ECP 414 delivers the 
ATM address of both destination cell sites which, at this 10 
point, comprise cell sites 440 and 442. ECP 414 also 
updates the tables of cell sites 440 and 442 to add the 
ATM address of cell site 430. Cell sites 440 and 428 now 
begin to send their packets to both cells 428 and 430. 
Finally, both cell sites 450 and 452 are sending packets 15 
to cell sites 440 and 442, and likewise, cells 440 and 
442 are sending packets to cell sites 450 and 452. 
[0042] Turning now to FIG. 5, a flow chart describing 
the soft handoff scenario is shown. This flow chart starts 
in circle 500 after the call has initially been completely 20 
set up. In decision diamond 510, a determination is 
made whether the mobile is within the range of a new 
cell. If the mobile is not in range of a new cell, then 
processing returns back to decision diamond 51 0. If, in 
decision diamond 510, it is determined that the mobile 25 
is within the range of the new cell, then processing con- 
tinues to box 520 where the ECP is notified. The ECP 
responds by sending the call data, including the ATM 
address, to the new cell site. 

[0043] In box 530, the new cell receives the call data 30 
from the ECP, including the address of the destination, 
then, in box 540, both cells begin transmitting received 
CDMA spread spectrum signals to the destination cell 
(or cells if the destination mobile is also in a soft handoff 
transition). Processing continues to box 550 where the 35 
destination cell adds a new source address for the new 
cell to its destination list, responsive to receiving call da- 
ta comprising the new cell's destination address from 
the ECP. Next, in box 560, destination sends signals it 
receives from its mobile to both sources. Eventually, the 40 
old cell is dropped at the source as shown in box 570 2. 
and the old cell is deleted from the destination list in box 
580. Processing then returns to decision diamond 510 
where checks are then made to determine if the mobile 
is within range of a new cell. In this manner, soft handoffs 45 3. 
may be achieved without tearing down and setting up a 
circuit switch connection between cell sites (or MTSOs 
connected to the cell sites). Advantageously, no dis- 
cernible discontinuities are present in the communica- 
tions between mobile 400 and mobile 406. 50 
[0044] It is to be understood that the above-described 
embodiment is merely an illustrative principle of the in- 
vention and that many variations may be devised by 4. 
those skilled in the art without departing from the scope 
of the invention. It is, therefore, intended that such var- 55 
iations be included within the scope of the claims. 



A telephone network comprising a connection- 
based network (46) and a cellular communications 
network, said cellular communications network 
comprising a plurality of cell sites (14, 16, 18, 20) 
for communicating with a plurality of mobile units 
(44) via radio signals, said cell sites serving to con- 
vert data transmitted and received in said radio sig- 
nals into packets (100), and said connection-based 
network having a plurality of delivery points (32,34) 
for translating said packets (1 00) to a form used by 
said connection-based network and from said form 
used by said connection-based network and to said 
packets (100), said telephone network being 
CHARACTERIZED BY: 

a high speed packet network (22) connected to 
each of said plurality of cell sites and each of 
said delivery points; 

means at each of said cell sites (14, 16,18, 20) 
for encapsulating said packets (100) into data 
packets (110) for transmission by said high 
speed packet network, for transmitting and re- 
ceiving said data packets (110) on said high 
speed packet network, for depacketizing said 
data packets (110), and for converting said 
packets (100) into radio signals; and 
means at each of said delivery points (32, 34) 
for receiving and transmitting said data packets 
(110) from said high speed packet network, for 
depacketizing said data packets (110) into 
packets (100) and for translating said packets 
(100) into a format usable by said connection- 
based network, 

wherein said packets may be delivered to any 
delivery point connected to said high speed packet 
network. 

A network as claimed in claim 1 wherein said high 
speed packet network comprises an asynchronous 
transfer mode (ATM) network. 

A network as claimed in claim 1 wherein said radio 
signals comprise code-division multiple access 
(CDMA) communications, and said means at each 
of said delivery points for translating comprises 
means for translating said CDMA communications 
into a digital data stream used by a public switched 
telephone network. 

A network as claimed in claim 2 wherein said ATM 
network serves to transmit ATM packets, each of 
said ATM packets having a payload, and said 
means at each of said cell sites for packetizing said 
communications comprises means for receiving 
said communications and placing them into said 
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payload of said ATM packet. 

5. A network as claimed in claim 4 wherein said means 
for depacketizing comprises means for removing 
said communications from said payload of said ATM 5 
packet. 

6. A network as claimed in claim 1 wherein said means 
at said cell site for receiving and depacketizing data 

is capable of receiving data from both a delivery 10 
point in a connection-based network and from an- 
other cell site. 

7. A method for transmitting cellular communications 
between a cell site (14, 16, 18, 20) and a public 15 
switched telephone network (46), said network 
comprising a delivery point (32, 34) for translating 
said cellular communications which are in a form 
suitable for cellular radio transmission into and out 

of a form suitable for said public switched telephone 20 
network, said cell site being in communication with 
one or more cellular devices (44) via said radio sig- 
nals, 

and CHARACTERIZED BY: 

25 

said cell site and said delivery point being con- 
nected to a high speed packet network (22), 
and said method comprising: 

receiving radio signals from said cellular 30 
device at said cell site; 
converting a communication content of 
said radio signals into packets (100); 
said cell site encapsulating said packets in- 
to data packets (1 1 0) transmissible by said 35 
high speed packet network and transmit- 
ting said packets on said high speed pack- 
et network; and 

said delivery point receiving said data 
packets (110), depacketizing said packets 40 
(100) from said data packets (110), trans- 
lating said communication content from 
said packets (100) into a form usable by 
said public switched telephone network, 
and delivering said translated communica- 45 
tion content to said public switched tele- 
phone network. 

8. A method as claimed in claim 7 wherein said high 
speed packet network comprises an ATM network, 50 
said ATM network transmitting ATM packets (110) 
comprising a header and a payload, when said step 

of embedding said communication in a packet com- 
prises breaking said communications into portions 
that are the size of said ATM packet payload and 55 
placing each of said portions into said ATM packet 
payloads. 



9. A method as claimed in claim 8 wherein said step 
of removing said embedded communications com- 
prises removing each of said portions of said com- 
munication from said payload of said ATM packets 
and reassembling said portions into said communi- 
cations. 

10. A method as claimed in claim 7 wherein said com- 
munications comprise CDMA data packets, and 
said step of translating said communications com- 
prises translating said CDMA data packets into data 
packets usable by said public switched telephone 
network. 



Patentanspriiche 

1. Fernsprechnetz mit einem verbindungsbasieren- 
den Netz (46) und einem zellularen Kommunikati- 
onsnetz, wobei das zellulare Kommunikationsnetz 
eine Mehrzahl von Zellenorten (1 4, 1 6, 1 8, 20) zum 
Kommunizieren mit einer Mehrzahl von Mobilein- 
heiten (44) uber Funksignale umfaBt, wobei die Zel- 
lenorte zum Umwandeln von in den Funksignalen 
ubertragenen und empfangenen Daten in Pakete 
(1 00) dienen und das verbindungsbasierende Netz 
eine Mehrzahl von Abgabepunkten (32, 34) zum 
Umsetzen der Pakete (100) in eine vom verbin- 
dungsbasierenden Netz benutzte Form und aus der 
vom verbindungsbasierenden Netz benutzten Form 
in die Pakete (100) aufweist, wobei das Fern- 
sprechnetz durch folgendes gekennzeichnet ist: 

ein mit jedem der Mehrzahl von Zellenorten und 
jedem der Abgabepunkten verbundenes hoch- 
ratiges Paketnetz (22); 

Mittel an jedem der Zellenorte (14, 16, 18, 20) 
zum Verkapseln der Pakete (100) in Datenpa- 
kete (110) zur Ubertragung durch das hochra- 
tige Paketnetz, zum Ubertragen und Empfan- 
gen der Datenpakete (110) auf dem hochrati- 
gen Paketnetz, zum Depaketieren der Daten- 
pakete (110) und zum Umwandeln der Pakete 
(100) in Funksignale; und 

Mittel an jedem der Abgabepunkte (32, 34) zum 
Empfangen und Ubertragen der Datenpakete 
(1 1 0) aus dem hochratigen Paketnetz, zum De- 
paketieren der Datenpakete (110) in Pakete 
(100) und zum Umsetzen der Pakete (100) in 
ein durch das verbindungsbasierende Netz be- 
nutzbares Format, wobei die Pakete zu einem 
beliebigen mit dem hochratigen Paketnetz ver- 
bundenen Abgabepunkt abgegeben werden 
konnen. 

2. Netz nach Anspruch 1, wobei das hochratige Pa- 
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ketnetz ein ATM(asynchronous transfer mode) 
-Netz umfaGt. 

3. Netz nach Anspruch 1 , wobei die Funksignale CD- 
MA(code-division multiple access)-Kommunikatio- 
nen umfassen und die Mittel an jedem der Abgabe- 
punkte zum Umsetzen Mittel zum Umsetzen der 
CDMA-Kommunikationen in einen durch ein offent- 
liches Wahlnetz benutzten digitalen Datenstrom 
umfassen. 

4. Netz nach Anspruch 2, wobei das ATM-Netz zur 
Ubertragung von ATM-Paketen dient, wobei jedes 
ATM-Paket eine Nutzlast aufweist und die Mittel an 
jedem der Zellenorte zum Paketieren der Kommu- 
nikationen Mittel zum Empfangen der Kommunika- 
tionen und Einsetzen derselben in die Nutzlast des 
ATM-Pakets umfassen. 

5. Netz nach Anspruch 4, wobei die Mittel zum Depa- 
ketieren Mittel zum Entfernen der Kommunikatio- 
nen aus der Nutzlast des ATM-Pakets umfassen. 

6. Netz nach Anspruch 1 , wobei die Mittel am Zellenort 
zum Empfangen und Depaketieren von Daten zum 
Empfangen von Daten von sowohl einem Abgabe- 
punkt in einem verbindungsbasierenden Netz und 
von einem anderen Zellenort in der Lage sind. 

7. Verfahren zum Ubertragen von zellularen Kommu- 
nikationen zwischen einem Zellenort (14, 16, 18, 
20) und einem offentlichen Wahlnetz (46), wobei 
das Netz einen Abgabepunkt (32, 34) zum Umset- 
zen der zellularen Kommunikationen, die eine fur 
zellulare Funkubertragung geeignete Form aufwei- 
sen, in eine und aus einer fur das offentliche Wahl- 
netz geeignete(n) Form umfaGt, wobei derZellenort 
uber die Funksignale mit einer oder mehreren zel- 
lularen Vorrichtungen (44) in Verbindung steht, und 
gekennzeichnet durch folgendes: 

daf3 der Zellenort und der Abgabepunkt mit ei- 
nem hochratigen Paketnetz (22) verbunden 
sind und das Verfahren folgendes umfaGt: 

Empfangen von Funksignalen von der zel- 
lularen Vorrichtung an dem Zellenort; 



Paketen (100) in eine durch das offentliche Wahl- 
netz nutzbare Form umsetzt und den umgesetzten 
Kommunikationsinhalt an das offentliche Wahlnetz 
abgibt. 

5 

8. Verfahren nach Anspruch 7, wobei das hochratige 
Paketnetz ein ATM-Netz umfaGt, das ATM-Pakete 
(110) mit einem Kopfteil und einer Nutzlast uber- 
tragt, wenn der Schritt des Einbettens der Kommu- 
10 nikation in ein Paket das Aufbrechen der Kommu- 
nikationen in Teile mit der GroGe der ATM-Paket- 
nutzlast und Einsetzen der jeweiligen Teile in 
ATM-Paketnutzlasten umfaGt. 

15 9. Verfahren nach Anspruch 8, wobei der Schritt des 
Entfernens der eingebetteten Kommunikationen 
das Entfernen der jeweiligen Teile der Kommunika- 
tion aus der Nutzlast der ATM-Pakete und das Wie- 
derzusammenstellen der Teile in die Kommunika- 
20 tionen umfaGt. 

10. Verfahren nach Anspruch 7, wobei die Kommunika- 
tionen CDMA-Datenpakete umfassen und der 
Schritt des Umsetzens der Kommunikationen das 
25 Umsetzen der CDMA-Datenpakete in durch das of- 
fentliche Wahlnetz nutzbare Datenpakete umfaGt. 



Revendications 

30 

1 . Reseau telephonique comprenant un reseau a con- 
nexions (46) et un reseau de communications cel- 
lulaires, ledit reseau de communications cellulaires 
comprenant une pluralite de sites cellulaires (14, 

35 1 6, 18 , 20) pour communiquer avec une pluralite 
d'unites mobiles (44) par I'intermediaire de signaux 
radio, lesdits sites cellulaires servant a convertir 
des donnees transmises et regues dans lesdits si- 
gnaux radio en paquets (1 00), et ledit reseau a con- 

40 nexions ayant une pluralite de points de livraison 
(32, 34) pourtraduire lesdits paquets (100) en une 
forme utilisee par ledit reseau a connexions et de 
ladite forme utilisee par ledit reseau a connexions 
en lesdits paquets (100), ledit reseau telephonique 

45 etant 

CARACTERISE PAR : 

un reseau de paquets a grande Vitesse (22) 
connecte a chacun de ladite pluralite de sites 
cellulaires et chacun desdits points de 
livraison ; 

un moyen au niveau de chacun desdits sites 
cellulaires (1 4,16,1 8, 20) pour encapsuler les- 
dits paquets (100) en paquets de donnees 
(110) pour la transmission par ledit reseau de 
paquets a grande Vitesse, pour transmettre et 
recevoir lesdits paquets de donnees (110) sur 
ledit reseau de paquets a grande Vitesse, pour 



Umwandeln eines Kommunikationsinhalts 
der Funksignale in Pakete (100); 50 

wobei der Zellenortdie Pakete in Datenpakete (11 0) 
verkapselt, die durch das hochratige Paketnetz 
ubertragbar sind, und die Pakete auf dem hochra- 
tigen Paketnetz ubertragt; und 55 
wobei der Abgabepunkt die Datenpakete (110) 
empfangt, die Pakete (100) aus den Datenpaketen 
(110) depaketiert, den Informationsinhalt aus den 
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depaquetiser lesdits paquets de donnees 
(1 1 0), et pour convertir lesdits paquets (1 00) en 
signaux radio ; et 

un moyen au niveau de chacun desdits points 
de livraison (32, 34) pour recevoir et transmet- 
tre lesdits paquets de donnees (1 1 0) depuis le- 
dit reseau de paquets a grande Vitesse, pour 
depaquetiser lesdits paquets de donnees (110) 
en paquets (100) et pour traduire lesdits pa- 
quets (100) en un format utilisable par ledit re- 
seau a connexions, 

dans lequel lesdits paquets peuvent etre four- 
nis a n'importe quel point de livraison connecte 
audit reseau de paquets a grande Vitesse. 

2. Reseau selon la revendication 1, dans lequel ledit 
reseau de paquets a grande Vitesse comprend un 
reseau a mode de transfert asynchrone (ATM). 

3. Reseau selon la revendication 1 , dans lequel lesdits 
signaux radio comprennent des communications a 
acces multiple par difference de code (CDMA), et 
ledit moyen de traduction a chacun desdits points 
de livraison comprend un moyen pour traduire les- 
dites communications CDMA en un train de don- 
nees numerique utilise par un reseau telephonique 
commute public. 

4. Reseau selon la revendication 2, dans lequel ledit 
reseau ATM sert a transmettre des paquets ATM, 
chacun desdits paquets ATM ayant une charge uti- 
le, et ledit moyen de paquetisation desdites com- 
munications au niveau de chacun desdits sites cel- 
lulaires comprend un moyen pour recevoir lesdites 
communications et les placerdans ladite charge uti- 
le dudit paquet ATM. 

5. Reseau selon la revendication 4, dans lequel ledit 
moyen de depaquetisation comprend un moyen 
pour retirer lesdites communications de ladite char- 
ge utile dudit paquet ATM. 

6. Reseau selon la revendication 1, dans lequel ledit 
moyen de reception et de depaquetisation de don- 
nees au niveau de chaque site cellulaire est capa- 
ble de recevoir des donnees a lafois depuis un point 
de livraison dans un reseau a connexions et depuis 
un autre site cellulaire. 

7. Procede de transmission de communications cellu- 
laires entre un site cellulaire (14, 16, 18, 20) et un 
reseau telephonique commute public (46), ledit re- 
seau comprenant un point de livraison (32, 34) pour 
traduire lesdites communications cellulaires qui 
sont dans une forme convenant a la transmission 
radio cellulaire dans et depuis une forme convenant 
audit reseau telephonique commute public, ledit si- 



te cellulaire etant en communication avec un ou plu- 
sieurs dispositifs cellulaires (44) par I'intermediaire 
desdits signaux radio, 

et CARACTERISE PAR : 

5 

ledit site cellulaire et ledit point de livraison 
etant connectes a un reseau de paquets a gran- 
de Vitesse (22), et ledit procede comprenant : 

10 la reception de signaux radio depuis ledit 

dispositif cellulaire au niveau dudit site 
cellulaire ; 

laconversion d'un contenu de communica- 
tion desdits signaux radio en paquets 
15 (100); 

ledit site cellulaire encapsulant lesdits paquets 
en paquets de donnees (110) pouvant etre 
transmis par ledit reseau de paquets a grande 
20 vitesse, et transmettant lesdits paquets sur le- 

dit reseau de paquets a grande vitesse ; et 
ledit point de livraison recevant lesdits paquets 
de donnees (110), depaquetisant lesdits pa- 
quets (100) a partir desdits paquets de don- 
25 nees (110), traduisant ledit contenu de commu- 

nication desdits paquets (1 00) en une forme uti- 
lisable par ledit reseau telephonique commute 
public, et livrant ledit contenu de communica- 
tion traduit audit reseau telephonique commute 
30 public. 

8. Procede selon la revendication 7, dans lequel ledit 
reseau de paquets a grande vitesse comprend un 
reseau ATM, ledit reseau ATM transmettant des pa- 

35 quets ATM (110) comprenant un en-tete et une 
charge utile, quand ladite etape d'insertion desdites 
communications dans un paquet comprend la de- 
composition desdites communications en parties 
qui sont de la taille de ladite charge utile de paquet 
40 ATM et le placement desdites parties dans lesdites 
charges utiles de paquets ATM. 

9. Procede selon la revendication 8, dans lequel ladite 
etape de suppression desdites communications in- 

45 serees comprend la suppression de chacune des- 
dites parties de ladite communication de ladite 
charge utile desdits paquets ATM et le reassembla- 
ge desdites parties en lesdites communications. 

50 10. Procede selon la revendication 7, dans lequel les- 
dites communications comprennent des paquets de 
donnees CDMA, et ladite etape de traduction des- 
dites communications comprend la traduction des- 
dits paquets de donnees CDMA en paquets de don- 

55 nees utilisables par ledit reseau telephonique com- 
mute public. 



25 



30 



35 



40 



10 



EP 0 664 658 B1 



CDMA f 

CELLS j 



^ CDMA 
CELLS 




PACKET SWITCH ! 
UNIT j 

SWITCH 

26 1 



FIG. 1 



11 



EP 0 664 658 B1 



/206 



JL 



24 



ADMINISTRATION 
MODULE 



SWITCH 



/202 



COMMUNICATION 
MODULE 



TO OTHER 
SWITCH 
MODULES 



JL 



204 



r 212 



SWITCH MODULE 



■28 



TIME SLOT 
INTERCHANGE 
UNIT 



PACKET SWITCH UNIT 



SPEECH 
HANDLER 



36 J r 214 -40 



SPEECH 
HANDLER 



r 216 



SPEECH 
HANDLER 



-32 



PAI 



K PACKET 
BUS 



-208 



LINE UNITS 



-210 



TRUNK UNITS 



ASYNCHRONOUS 
TRANSFER MODE 
NETWORK 




-46 



PUBLIC 
SWITCHED 
TELEPHONE 
NETWORK 



FIG. 2 



EP 0 664 658 B1 



DESTINATION ADDRESS 
104 



108 



108- 



DESTINATION ADDRESS 



ATM CELL 
HEADER 



ATM CELL 
PAYLOAD 



100 



PS # 
PKT SW # 


UNIT # 


DATA 


106 J 


107 J 


101 J 

^105 






I 

I 
i 



CDMA 



I 



PACKET DATA 



,-110 

ATM CELL 



^110 

ATM CELL 



FIG. 3 



13 



EP 0 664 658 B1 




FIG. 4 



14 



EP 0 664 658 B1 



FIG. 5 



r500 

(jtarT) 




NOTIFY ECP, 
ECP RESPONDS WITH 
ADDRESS INFORMATION 



r 530 

NEW CELL RECEIVES 
CALL DATA INCLUDING 
DESTINATION ADDRESS 



I f540 

BOTH CELLS SEND 
TO DESTINATION 



f 550 

DESTINATION ADDS 
NEW SOURCE TO ITS 
DESTINATION LIST 



f 56C 

DESTINATION SENDS 
TO BOTH SOURCES 



f570 

OLD CELL DROPPED 



f 580 

OLD CELL 
DELETED FROM 
DESTINATION LIST 

izzr 



15 



